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The hypothesis is tested that progressive ate-
lectasis. with shunting of venous blood into the
arterial bloodstream, may occur with ventilation
which is normal by the usual criteria, but lacking
in perivdic deep breaths capable of reinflating
collapsed airspaces. A previous study found such
shunting to occur in anesthetized patients, venti-
lasted by mechanical respirators; in the present
study 25 patients were anesthetized with ether and
oxygen and breathed spontaneously for an average
period of 130 minutes. At the end of this period
of spontaneous ventilation the average arterial
oxygen tension was 402 mm. of mercury. Follow-
ing a period of three to five minutes of controlled
ventilation, using large tidal volumes, the average
arterial oxygen tension rose to 553 mm. of mer-
cury. The greatest fall in arterial oxygen tension
occurred in the patients whose spontaneous tidal
volumes were the most shallow. It is concluded
that spontaneous ventilation in anesthetized pa-
tients, cven when adequate in terms of carbon
dioxide elimination, should be suppl ted with
periodic passive hyperinflations,

Tue PRESENT study was undertaken to examine
whether arterial oxygen tension falls below
expected values during spontaneous ventila-
tion, and whether such falls are reversible by
hyperinflation of the lungs.

At every return to the resting end-expiratory
position some airspaces collapse and stay col-
lapsed  during continued tidal ventilation,
Such progressive atelectasis persist until a deep
breath, active or passive, applies sufficient
pressure to reopen the atelectatic areas of the
lungs. Mead * proposed this interpretation of
data, obtained in dogs, showing progressive
decrease in pulmonary compliance during quiet
breathing, and return of compliance to control
values following passive hyperinflation. The
role of the periodic deep breath in maintaining
normal compliance was demonstrated in con-
scious humans by Ferris,? and in anesthetized
patients by Egbert.?
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If collapsed aveoli continue to be perfused
oxygenation will not take place in these areas
of atelectasis, and venous blood is shunted into
the arterial bloodstream. In a previous study
the authors demonstrated falls in arterial
oxygen tension and pulmonary compliance in
anesthetized patients during ventilation with
mechanical respirators. Reversal was possible
by sustained passive hyperinflation of the
lungs.t In dog experiments Laver examined
the value of lung volume, pulmonary compli-
ance and alveolar-arterial oxygen differences
as indices of atelectasis; oxygen tension meas-
urements were proposed to be the practical
diagnostic tool.?

Methods and Procedure

Twenty-five routine surgical cases were
chosen for study; an equal number was sought
of operations on extremities, and on lower and
upper abdomen. The patients had no manifest
pulmonary disease and presented no contra-
indications to general anesthesia with spon-
taneous ventilation.

Preanesthetic medication consisted of pento-
barbital sodium, approximately 1.5 mg. per
kilogram, and atropine sulphate 0.6 mg.
Anesthesia was induced with thiopental sodium
in divided intravenous doses, and endotracheal
intubation was facilitated by succinylcholine
chloride in a single dose of 40 to 80 mg. One
patient had induction with nitrous oxide-ether
alone. Spontancous ventilation was then re-
established and anesthesia maintained with
ether-oxygen in a circle rebreathing system.®
The anesthetists were instructed not to inter-
fere with spontancous ventilation, and it was

° Under the conditions of the study total gas
flows in the anesthesia circuit (ranging from 3 to
5 liters per minute) cannot significantly influence
either the rate of air space collapse or the concen-
tration of oxygen in inspired air, except that the
rate of denitrogenation is facilitated by high gas
flows. Denitrogenation was assumed to be essen-
tially complete before the first samples were drawn,
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TasLE 1. Spontancous Ventilation
I Tidnll\'ol. Art. Art.
Operations | Number and | Durationin | Agein | Weightin [ mmbper Jp o g0 Oxygen Carbon Art.
On: Minutes | Years | Kilograms l\llt:)sm?m per Minute | Tension -{-’;‘;“::g: pll {Ifxiu
\\‘eigfn wmm. Heg mm. Hg

8

Extremitics | 5 males | X 131 Gl 73.8 5.00 25.9 403.1 44.2 7.37

3 femalesf SD +74 *17 *12.8 £0.74 +3.9 2152.2 +5.2 30.04
9

Lower 5 males }X 153 53 619 4.7 0.8 300.1 40.2 7.36

abdomen | 4 femalesf SD £86 20 21%.1 +0.84 =+0.9 £134.4 *l12.1 +0.09
8

Upper 5 males }X 103 59 69.0 4.13 3L 104.8 40.9 7.34

abdomen | 3females| SD 44 ES T +11.9 +0.82 5.0 +135.7 +9.0 +0.06
25

Total 15 males }X 130 58 67.9 1.04 29.6 402.2 43.3 740

10females/ SD #T74 +18 +12.8 +0.81 +5.9 +126.7 +0.2 +0.07

specifically requested that assisted ventilation
be omitted completely and that passive hyper-
inflation not be carried out at any time.
Before closure of the surgical incision, at a
time when anesthesia was maintained by very
low concentrations of ether in inspired oxygen,
the average respiratory rate was counted and
the average tidal volume measured by a
Wright Respirometer, during a five minute
period.  Arterial blood was then withdrawn
through a Cournand no. 18 needle, indwelling
in a radial artery. Each syringe, wet with
heparin, was capped immediately and all de-
terminations carried out within ten minutes.
Samples and measurements were made in
duplicate, all values corrected to 37° C.}
Following the first set of samples the pattern

t The considerations applying to calibration and
correction for temperature of the oxygen electrode
are presented in detail by Hedley-Whyte and
Laver.®

of ventilation was changed by manual control,
using a slow rate and large tidal volumes;
every breath was intended to be a hyper-
inflation.  After three to five minutes of con-
trolled ventilation, with the pattem of slow,
deep breaths maintained, a second set of
arterial samples was withdrawn. No change
was made in the inspired mixture during this
period.

Arterial oxygen tension was measured by
means of modified Clark electrodes, which in
our laboratory have a reproducibility of =+ 2
per cent. Arterial carbon dioxide tension was
determined using a Severinghaus electrode
(reproducibility =2 per cent), and pH by
a Beckman glass clectrode. Amplification and
recording were made on a Sanborn no. 330
system.

Two patients were in a modified lateral
position, 4 in a slight head-down tilt (less

TanLe 2. Effect of Deep Breathing
A i Xy in ¢ i Arterial Carb y :
Orerstions el Oumen | Ingrasefp Arerial | rtril Qurbon Aren
mm. Hg mm. Hg tnm. g

Extremities 545.9 142.8 238 7.5‘5
+127.4 +86.5 +6.5 +0.07

Lower abdomen 872.7 173.6 22.6 7.53
+90.6 +1129 +5.9 +0.08

Upper abdomen 537.4 132.6 27.9 747
+81.7 +80.6 +7.9 +0.08

Total 552.8 150.6 247 7.51
+88.1 +05.1 +6.7 =:0.08
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Yolume ¢
Number

than ‘7 degrees), and the rest were supine
and fI: : on the table.

Sus: :ined single hyperinflations occasionally
causec. falls in arterial blood-pressure. Circu-
latory -ecovery occurred promptly, when the
intrathioracic pressure was reduced, and this
effect was entirely avoidable by limiting the
duration of increased airway pressure to a few
seconds, and by allowing a prolonged end-
expiraiory pause at ambient pressure.

Results

Spontaneous ventilation for an average of
130 minutes led to mild respiratory acidosis,
and to a mean arterial oxygen tension of 402
mm. of mercury (table 1). The differences
between categories of operations were minor
and not statistically significant.

The period of deep and slow breathing,
manually controlled, caused an average rise
(significant, P < 0.01) in arterial oxygen
tension of 150 mm. of mercury, to a new mean
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value of 533 mm. of mercury (table 2),
Hyperventilation was not intended, but did
occur nevertheless, converting the mild respira-
tory acidosis into a mild respiratory alkalosis.

From patient to patient the arterial tension
of oxygen, in spontaneous ventilation, varied
considerably, as suggested by the relatively
large standard deviations. The relation of
arterial oxygen tension to other factors was
tested in order to determine what causes the
varying degrees of impaired oxygenation
during spontaneous ventilation. The tidal vol-
ume per kilogram body weight was linearly
related to the arterial oxygen tension (fig. 1),
suggesting that the greatest impairment of
oxygenation will occur when tidal volumes are
most shallow.

In this study there was no demonstrable in-
fluence of age, sex, duration of operation, site
of operation, body weight or respiratory rate
on arterial oxygen tension. The few patients
not in the supine position represented no
apparent influence.
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Fig. 1. The Rank corrclation (Spearman) of arterial oxygen tension, followin, spontaneous
ventilation, plotted against tidal volume per kilogram body weight is statistically significant
(rho = 0.530; P < 0.01), suggesting that shallow breathing leads to g:eater degrees of

atelectasis and shunting.

20z ludy 01 uo 3sanb Aq ypd°90000-00050%96 L-Z¥S0000/1 | ¥E8Z/L62/€/GT/HPd-01o1n1e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



300

Discussion

Atelectasis with right to left shunting is
assumed to cause the low arterial oxygen
tensions during spontaneous ventilation. The
subsequent rise in oxygen tension, following
a series of deep breaths, is the likely result
of reopening collapsed airspaces and restora-
tion of a more favorable relationship of
ventilation to perfusion.

The relation in this study of the degree of
impaired oxygenation to the pattern of ventila-
tion confirms earlier findings by the authors
during controlled ventilation in anesthetized
patients.* In dogs, Hedley-Whyte demon-
strated that shallow tidal volumes cause signifi-
cant falls in arterial oxygen tension, while
large tidal volumes effectively maintain normal
arterial oxygenation.”

If a low arterial oxygen tension (with 100
per cent oxygen in inspired air) was caused
by simple hypoventilation, the oxygen tension
should have fallen only as many millimeters
of mercury as the carbon dioxide tension had
risen. A ventilatory pattern of shallow breaths
at a fast rate may well give a normal (or even
below normal) arterial carbon dioxide tension,
but atelectasis will cause a fall in arterial
oxygen tension. On the other hand, a pattern
of slow and deep breaths may maintain normal
arterial tensions of both oxygen and carbon
dioxide, by preventing atelectasis and shunting.
We consider the pattern of ventilation the
single most important factor in determining
the degree of atelectasis and shunting.

A high concentration of oxygen in inspired
air (approaching 100 per cent) eliminates un-
equal distribution of ventilation and impaired
diffusion as causes of a gradient between
alveolar and arterial oxygen tension.® In the
patients studied only water vapor, carbon di-
oxide and small amounts of ether shared the
total pressure with oxygen. Even allowing for
an anatomical shunt of 2 per cent? an in-
creased alveolar-arterial oxygen gradient in
older patients and small amounts of ether, the
arterial oxygen tension should range from 600
to 650 mm. of mercury in healthy patients.!®
Under the circumstances of this study an in-
creased physiological shunt is the logical ex-
planation for the oxygen tension averaging
only 402 mm. of mercury. The substantial
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rise following the simple administration of very
deep breaths makes atelectasis the likely cause
of this shunt. Although substantial, the effect
of the deep breaths was not consistently a
complete return of oxygen tension to expected
normal values. The reason for the incomplete
reversal is not known, but the duration of
ventilation without effective deep breaths
(average: 130 minutes) may have been too
long to permit complete reinflation with the
airway pressures applied. The optimal inter-
val between hyperinflations is not known,
but we suspect that it may be in the range of
ten to thirty minutes.

The incidence of postoperative atelectasis js
clearly related to the site of operation, with
the highest incidence following high abdominal
and chest operations.’t This study finds no
such intraoperative influence of the site of
operation; a similar conclusion is drawn by
Stark.1?

Ether was chosen deliberately as the anes-
thetic agent, because it exerts no profound
respiratory depression and it permits a high
concentration of oxygen to be maintained in
surgical anesthesia. Furthermore, ether anes-
thesia has the reputation of displaying a
“sighing” type of respiration, even in surgical
ancsthesia. A few such sighs were seen
during this study, but they appeared abortive
and incapable of hyperinflation,

The question is often raised whether spon-
taneous ventilation in the anesthetized patient
is ever adequate. History shows that spon-
tancous ventilation has been tolerated by un-
told millions of anesthetized patients. But
spontancous ventilation is rarely adequate if
normal blood gas exchange is to be main-
tained, and if safety of anesthesia is to be
improved further. Respiratory acidosis must
be prevented, whenever present or suspected,
by assisted or controlled ventilation, and ate-
lectasis with consequent falls in compliance
and oxygen tension must be limited, either by
maintaining large tidal volumes at a slow
respiratory rate, or by imitating the pattem
of ventilation in normal man® by providing
periodic passive deep breaths capable of
reinflating atelectatic airspaces. Spontaneous

“ventilation in anesthetized patients would un-

doubtedly be safer if periodic passive hyper-
inflations were applied.
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Summary

A m:can arterial oxygen tension of 402 mm.
of meicury was found in twenty-five surgical
patient=, breathing spontaneously and receiving
an inspired mixture of ether in oxygen. Fol-
lowing a succession of very deep breaths the
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HALOTHANE AND BLOOD CLOTTING Thirty patients who underwent
halothane anesthesia were examined in respect to the following: determination of
antithrombin 1II; prothrombin time; factors V, VII, VIII, IX; platelet count; heparin;
fibrinogen; fragility of red blood cells; and overall clotting time. Only minimal
variations of all parameters occurred which consisted of a slight prolongation of the
overall clotting time shortly after induction of anesthesia. One hour after the end
of anesthesia all modalities approached the preancsthetic values. The slight varia-
tions were ascribed to changes in circulatory and pulmonary function that occur
during anesthesia with spontancous respiration. The liver was excluded as a causa-
tive factor since changes in liver function (if any) do not occur within the short
time of these observations. Halothane does not contribute to the incidence of post-
operative bleeding or thrombosis; in fact, halothane seems to be indicated in patients
with coagulation defects. (Miiller, K. H., Busse, J., and Oc¢hmig, H.: Does-Halo-
thane Anesthesia Contribute to the Occurrence of Postoperative Thromboembolism?,
Langenbeck Arch. Klin. Chir. 303; 170, 1963.)
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